T h is re p o rt p re se n ts a n o u tlin e o f th e S w e d ish L in g w a re c o m p o n e n ts in te g ra te d in th e L an g u a g e E n g in e e rin g a p p lic a tio n d e v e lo p m e n t e n v iro n m e n t o f G A T E . T h is is a n o n g o in g w o rk w ith in th e fra m e w o rk o f th e L a n g u a g e E n g in e e rin g p ro je c t A V E N T IN U S .
Introduction
T h is re p o rt p re se n ts a n o u tlin e o f S w e d ish L in g w a re c o m p o n e n ts in te g ra te d in th e L a n g u a g e E n g in e e rin g a p p lic a tio n d e v e lo p m e n t e n v iro n m e n t o f G A T E . T h is is o n g o in g w o rk w ith in th e fra m e w o rk o f th e L a n g u a g e E n g in e e rin g p ro je c t A V E N T IN U S . F irs t, a b r ie f o v e rv ie w o f th e A V E N T IN U S p ro jec t, its g o a ls a n d c h a ra c te ristic s a re p re se n te d . T h e n a d e s c rip tio n o f G A T E a n d th e in fo rm a tio n e x tra c tio n , IE , ta s k o f th e p ro je c t w ill b e d isc u sse d . F in a lly , th e d e sc rip tio n o f S w e d is h m o d u le s, c o m p ris in g th e n e c e ss a ry lin g w a re fo r th e IE ta s k w ill b e g iv en . T h ese m o d u le s a n d th e in te ra c tio n b e tw e e n th e m w ill b e illu stra te d w ith c o n c re te e x am p les. F u r th e n n o r e th e so ftw a re /lin g w a re sp e c ific a tio n s, re q u ire m e n ts a n d , w h e n a p p ro p ria te , so m e p re lim in a ry p e rfo rm a n c e m e a su re s w ill b e g iv e n .
The AVENTINUS Project

A V E N T IN U S ', A d v a n c e d In fo r m a tio n S y s te m f o r M u ltilin g u a l D ru g E n fo rc e m e n t, is a
m u ltilin g u a l in fo rm a tio n p ro c e ssin g p ro je c t fin a n c e d b y th e E u ro p e a n U n io n , L an g u a g e E n g in e e rin g p ro g ra m , (L E l-2 2 3 8 1 0 3 3 5 /0 ). T h e A V E N T IN U S p ro je c t is a u se r-and d atao rie n te d p ro je c t, a d d re ssin g th e n e e d s o f E u ro p e a n p o lic e a n d la w e n fo rc e m e n t ag en c ies o n p re v e n tio n a n d d e te c tio n o f d ru g -re la te d o ffe n se s, su ch as m o n e y la im d e rin g , d ru g tra ffic k in g , d ru g a b u s e etc., re fe rre d to , in th e re s t o f th e re p o rt, as d r u g e n fo rc e m e n t. A V E N T IN U S is also e x p e c te d to b e e x te n d e d a n d u se d in re la te d to d ru g e n fo rc e m e n t fie ld s su c h a s o rg a n iz e d crim e.
T h e e c o n o m ic a l a n d so cial im p a c t o f su c h p ro je c t is e v id en t, d ru g tra ffic k in g , d ealin g a n d c o n s u m p tio n p o s e s on e o f th e g re a te st th re a ts to th e E u ro p e a n n a tio n s . T h e g o a l o f th e p ro je c t is th u s to s u p p o rt d ru g e n fo rc e m e n t w ith m u ltilin g u a l lin g u istic e x p e rtise . T h e A V E N T IN U S u se rs sh o u ld b e a b le to acc ess in fo rm a tio n in th e ir o w n n a tiv e la n g u a g e a n d re c e iv e th e resu lts o f s e a rc h re q u e sts in th e ir o w n n a tiv e la n g u a g e a s w e ll, ev en i f th e in fo rm a tio n is d e riv e d fro m fo re ig n la n g u a g e reso u rces.
A V E N T IN U S fo c u se s o n th re e m a in areas:
T r a n s l a t i o n s u p p o r t a n d to o ls te rm su b stitu tio n , tra n sla tio n m e m o ry a n d m a c h in e tra n sla tio n ; I n f o r m a t i o n p r o c e s s in g c o m p o n e n ts fo r IE , n a m e d e n tity re c o g n itio n ; in te llig e n t in d e x in g ; te m p la te g en e ra tio n , in s ta n d a rd a s w e ll a s in In te rp o l fo rm s (u s e r re q u ire m e n ts); S e a r c h s u p p o r t q u e ry ex p a n sio n , tra n slite ra tio n a n d n a m e sim ilarity .
I n th e firs t p h a s e o f A V E N T IN U S , th e la n g u a g e s an a ly z e d a n d p ro c e s s e d a re G e rm a n , E n g lish a n d S p a n ish , w h ile S w e d ish is p a rt o f th e se c o n d p h ase.
I t sh o u ld b e e m p h a siz e d th a t th e m a in ta s k o f A V E N T IN U S is n o t c o n c e n tra tin g o n c o n stru c tin g a n e w fu ll-fle d g e d in fo rm a tio n sy ste m fo r th e d ru g d o m a in , as th e A V E N T IN U S u se rs h a v e th e ir o p e ra tio n a l e n v iro n m e n t in p la c e a lre a d y . In ste a d , A V E N T IN U S p ro v id e s m o d u le s a n d c o m p o n e n ts w h ic h c a n b e lin k e d to a n d in te g ra te d in to th e se e n v iro n m e n ts. T h u s, th e tw o p re d o m in a n t fe a tu re s o f A V E N T IN U S a re m o d u la rity a n d in te g ra ta b ility .
GATE/IE and AVENTINUS
GATE
G A T E , G e n e r a l A r c h ite c tu r e f o r T e x t E n g in e e r in g , C u n n in g h a m e t al. (1 9 9 5 , 1 99 7 ), G aiza u sk a s e t a l. (1 9 9 6 b ), is a n a p p lic a tio n d e v e lo p m e n t e n v iro n m e n t w h ic h su p p o rts n a tu ra l la n g u a g e e n g in e e rin g ta sk s. G A T E h a s b e e n c h o s e n b y A V E N T IN U S fo r th e in fo rm a tio n e x tra c tio n task .
I n G A T E , h e te ro g e n e o u s n a tu ra l la n g u a g e c o m p o n e n ts /s o ftw a re m a y b e e v a lu a te d a n d re fin e d
More information about the project can be found: in d iv id u a lly o r m a y b e c o m b in e d in to la rg e r a p p lic a tio n s. G A T E s u p p o rt b o th re se a rc h e rs a n d d e v e lo p e rs w o rk in g o n c o m p o n e n t te c h n o lo g ie s (e.g . ta g g in g , p a rs in g ) a n d th o s e w o rk in g o n d e v e lo p in g e n d -u se r a p p lic a tio n s (e.g. in fo rm a tio n e x tra c tio n , te x t su m m a riz a tio n ). G A T E is a n in te g ra te d c o lle c tio n o f to o ls b u ilt u p o n a sta n d a rd iz e d m o d e l o f s to ra g e a n d re trie v a l d e v e lo p e d b y th e T IP S T E R p ro g ra m . T IP S T E R is a n A R P A -fu n d e d p ro g ra m o f re s e a rc h a n d d e v e lo p m e n t in in fo rm a tio n re trie v a l a n d ex tra c tio n , in v o lv in g th e c re a tio n o f a sta n d a rd a rc h ite c tu re /in te rfa c e s fo r s y ste m s d e a lin g w ith in fo rm a tio n re trie v a l a n d e x tra ctio n . T h e G A T E d o c u m e n t m a n ag er, G D M , b a s e d o n th e T IP S T E R d o c u m e n t m a n a g e r, G ris h m a n (1 9 9 6 );
A C o lle c tio n o f R E u sa b le O b je c ts fo r L E , C R E O L E , w h ic h is a set o f la n g u a g e e n g in e e rin g m o d u le s in te g ra te d w ith th e sy stem , s u c h as ta g g e rs a n d p arsers;
T h e G A T E G ra p h ic a l In terfa ce, G G I , w h ic h p ro v id e s in te g ra te d ac c e ss to th e s e rv ic e s o f th e o th e r co m p o n e n ts.
Information Extraction
In fo rm a tio n e x tra c tio n , IE , is th e m a p p in g o f u n s e e n n a tu ra l la n g u a g e te x ts in to p re d e fin e d , fix e d -fo rm a t, stru c tu re d re p re s e n ta tio n s o r te m p la te s. T h e te m p la te s , w h e n filled , re p re s e n t an e x tra c t o f k e y in fo rm a tio n fro m th e o rig in a l te x t. T h e re s u ltin g d a ta c a n b e fu rth e r u se d fo r in te llig e n t in d e x in g , fo r s to rin g in to a d a ta b a se , fo r q u e e rin g o r fo r j u s t d isp la y in g it to a n e n du se r. IE sy ste m s a re o fte n tie d to a p a rtic u la r a p p lic a tio n d o m a in o r sc e n a rio , a n d th e y are c o m p u ta tio n a lly as w e ll a s k n o w le d g e in te n siv e to b u ild .
F o u r ty p e s o f IE ta sk s are id e n tifie d :
N a m e d e n tity r e c o g n itio n , id e n tific a tio n o f a ll th e n a m e s o f p e o p le , p la ces, o rg a n iz a tio n s, d ates, a m o u n ts o f m o n e y ;
C o r e f e r e n c e r e s o lu tio n , id e n tific a tio n o f id e n tity re la tio n s (a n a p h o ric re fe re n c e s) b e tw e e n e n titie s in te x ts;
T e m p la te e le m e n t c o n s tr u c t io n , (T E ), a s s o c ia tio n o f d e s c rip tiv e in fo rm a tio n w ith th e e n titie s, su c h th a t " L u le å ls _ a c i t y i n Sweden" ; S c e n a r io te m p la te c o n s tr u c t io n , lin k in g o f T E in to e v e n ts a n d re la tio n d e sc rip tio n s.
T h e V IE , V a n illa IE , sy stem , fo llo w in g G A T E , h as b e e n d e v e lo p e d a t th e U n iv . o f S heffield.
V IE is u se d fo r b u ild in g a m o d e l o f a te x t fo r d iffe re n t p u rp o se s, su c h as M U C -6 ta sk s, te x t s u m m a riz a tio n a n d fo r c o m p o sitio n a lly c o n stru c tin g se m a n tic re p re se n ta tio n s o f sen ten ces in te g ra te d in to a " d isc o u rse m o d e l" . V IE is a m o d u la riz e d v e rsio n o f th e la ssie sy stem . L a rg e S c a le In fo r m a tio n E x tra c tio n , also d e v e lo p e d a t th e U n iv . o f S h e ffie ld , (G a iz a u sk a s e t al. 1995).
V IE h a s b e e n th e startin g p o in t fo r th e d e v e lo p m e n t o f th e S w e d ish L in g w a re .
Multilingual GATE/IE and AVENTINUS
A V E N T IN U S p ro v id e s m u ltilin g u a l ac c e ss to in fo rm a tio n e x tra c te d fro m te x ts. T h ere fo re , th e IE c o m p o n e n ts h a v e to c o p e w ith m u ltip le in p u t la n g u ag es. T h is is so lv e d b y d u p lic a tin g p a rts o f th e E n g lis h IE sy ste m fo r e a c h in p u t la n g u a g e . E a c h la n g u a g e -sp e c ific IE sy ste m is p ro d u cin g re s u lts to e a c h o f th e A V E N T IN U S o u tp u t la n g u ag es. S in c e A V E N T IN U S is in te re ste d o n d ru g e n fo rc e m e n t a c tiv itie s, (cf. C u n n in g h a m e t al. 1996), th e e n titie s o f in te re st a re p e rso n s, c o m m u n ic a tio n a n d tra n s p o rta tio n m e a n s, p la ces, o rg a n iz a tio n s , d ates, tim e s e q u e n c e s a n d o f c o u rs e d ru g su b sta n c e s a n d d ru g -re la te d to o ls, (fo r th e la tte r e n titie s see L in d fo rs V ik lu n d 1997). A n u m b e r o f re la tio n s b e tw e e n th e se en tities, u s u a lly in th e fo rm o f e v e n ts, is a lso sp e c ifie d , fo r in s ta n c e b e tw e e n p e o p le , b u y e r-se lle r, b e tw e e n p e o p le a n d c o m p a n ie s etc.
Swedish Lingware in GATE
Introduction
T h e fo llo w in g c h a p te rs g iv e a c o n c ise d e sc rip tio n o f th e o n g o in g d e v e lo p m e n t, in te g ra tio n a n d e v a lu a tio n o f S w e d is h lin g w a re co m p o n e n ts in th e la n g u a g e e n g in e e rin g a p p lic a tio n d e v e lo p m e n t e n v iro n m e n t o f G A T E . T h ese c o m p o n e n ts a s w e ll as th e te x tu a l m a te ria l u sed , th a t L a n g u a g e Id e n tific a tio n T o k e n iz a tio n P a rt-o f-S p e e c h ta g g in g N a m e e n tity re c o g n itio n C o re fe re n c e re s o lu tio n T e x t ty p e id e n tific a tio n S e n te n c e b o u n d a ry id e n tific a tio n M o rp h o lo g ic a l a n a ly sis P a rsin g D isc o u rse in te rp re ta tio n In te rn e t w e b p a g e s a n d o th e r te x t co lle c tio n s, a n d iii)a la rg e n u m b e r o f m isc e lla n e o u s re p o rts, artic le s a n d p u b lic a tio n s, p ro v id e d by d iffe re n t so u rc e s. 
Corpora, Overview
Language Identification
Overview
T h is is a m o d u le th a t u se s M a rk m o d e ls fo r la n g u a g e c la ss ific a tio n d e v e lo p e d b y T e d D u n n in g (1 9 9 4 ). N o lin g u istic p re s u p p o s itio n s are in c o rp o ra te d fo r th is ta sk . T h e o n ly a ssu m p tio n u s e d is th a t a te x t c a n b e e n c o d e d a s a s e t o f b y te s. T h e m e th o d u s e d is to d e v e lo p a s e t o f le v e l la n g u a g e m o d e ls fro m tra in in g d a ta a n d th e n to u se th e se la n g u a g e m o d e ls to e stim a te th e lik e lih o o d th a t a p a rtic u la r te s t strin g m ig h t h a v e b e e n g e n e ra te d b y e a c h o f th e la n g u a g e m o d e ls.
Training and Output
F o r th e tra in in g o f th is so ftw a re , th e c la ssifie r, a c o lle c tio n o f te x ts fo r th e g iv e n la n g u a g e (s) (> 5 k ) is re q u ire d , a fte r th a t th e c re a tio n o f a p ro file file is g e n e ra te d fo r th e g iv e n la n g u a g e (s).
T h e o u tp u t o f th e c la ss ifie r is a s e t o f sco res p lu s th e p ro file w h ic h h a d th e b e st m a tc h . I f a file F is in S w e d ish , th e o u tp u t vrill be:
s w e . 3 -415.93 -320.63 w h e re i is th e n u m b e r o f p ro file s w h ic h h a d b e s t m a tc h , ewe. 3 is th e p ro file w ith th e b e st m a tc h , h e re th e tra in in g is b a se d o n trig ra m se q u e n c e s, f is th e file b e in g c la ss ifie d , -4 1 5 . 93 is th e sco re fo r E n g lis h a n d -3 2 0 .63 is th e sc o re fo r S w ed ish , a ssu m in g th a t w e p ro v id e p ro file files fo r th e se tw o la n g u ag es,
Tokenization and Text Type Identification
T o k e n iz a tio n is th e p ro c e ss o f d is tin g u ish in g in d iv id u a l to k e n s a n d th e ir b o u n d a rie s in a te x tstre a m an d it is o f v ita l in te re s t fo r le x ic o n lo o k u p a n d c o rre c t a n n o ta tio n o f any k in d o f la b e llin g , ta g g in g a n d e v e n fo r th e g ra m m a r d e v e lo p m e n t T h e T h e p ro c e ss is ra th e r a d v a n c e d a n d it h a s th e c a p a b ility to id e n tify o v e r 3 5 0 m u ltiw o rd a d v e rb ia ls, p re p o sitio n s a n d c o n ju n c tio n s/su b ju n c tio n s , a n d a la rg e a m o u n t o f p h ra sa l v erbs. T h e T e x t T y p e Id e n tific a tio n (T T I), i.e. i f a te x t is p la in , h tm l, e m a il e tc ., is b e e n carried o u t at th e m o m e n t b y th e to k e n iz e r. T h is w ill b e a ta sk o f an in d e p e n d e n t m o d u le in th e fu tu re. T h e T O K E N IZ E R a n d th e T T I are im p le m e n te d v ia a se t o f re g u la r e x p re s s io n p a tte rn s w h ic h are tra n s la te d to C + + u sin g flex. T h e S w e d ish to k e n iz e r, is fo llo w in g th e sp e c ific a tio n s o f th e i) th e in te g ra tio n o f se p a ra te ex c lu siv e sta rt sta te s, a c c o u n tin g fo r th e an a ly sis o f S w e d ish n e w s p a p e r a rtic le s a n d fo r th e a n a ly sis o f S w e d is h p o lic e rep o rts;
ii) id e n tific a tio n o f S G M L m a rk u p ;
iii) th e in te g ra tio n o f th e S w e d ish m u ltiw o rd a n d p h ra sa l v e rb re co g n itio n . 
Sentence Boundary Identification
Overview
T h e S E N T E N C E B O U N D A R Y ID E N T IF IC A T IO N (S B
I
Processing and Performance
T h e re s u lt o f th is m o d u le is to k e n s ta rt a n d e n d b y te o ffsets, o n e p a ir p e r lin e, e a c h fo llo w ed b y th e c o rre sp o n d in g to k e n strin g . N e w lin e s fro m th e ra w te x t a re a lso tre a te d a s to k e n s. T h e b y te o ffs e t p a irs, o n e p e r lin e, re p re s e n t th e se n te n c e sta rt a n d e n d p o sitio n s. T h e S B I m o d u le is re a so n a b ly d o m a in in d e p e n d e n t. S e n te n c e sp littin g is a lso a ffe c te d b y th e w a y in w h ic h p im c tu a tio n is h a n d le d b y th e to k e n iz e r, w h ic h w ill v a ry b e tw e e n d iffe re n t cases. T h e c o n te n t o f th e p o lic e rep o rts, fo r in sta n c e , is c o n ta in in g a lo t o f u p p e rc a se to k e n s, acro n y m s a n d a b b re v ia tio n s w h ic h re q u ire sp e c ia l a tte n tio n . " A s e n te n c e e n d is a ss u m e d i f a p e rio d is p re c e d e d b y a se q u e n c e o f lo w e r c a se to k e n s fo llo w ed b y a to k e n sta rtin g w ith a n u m e ra l" . T h is is th e ca se of: T h e re is a p o ssib ility to a n a ly z e te x ts h a v in g S G M L m a rk u p , in th is ca se , th e in p u t is sim p ly se a rc h e d fo r " < s > .. ,< /s > " p a irs, and th e c o rre sp o n d in g o ffse ts a re w ritte n o ut. T h e p e rfo rm a n c e o f th e m o d u le in th e d ru g e n fo rc e m e n t d o m a in is > 9 5 % c o rre c t id e n tific a tio n o f se n ten c e b o u n d a rie s.
Part-of-Speech Tagging
Overview and Interface
T w o ta g g e rs fo r S w e d ish h a v e b e e n te s te d in th e c u rre n t sy stem , n a m e ly B rill's ru le -b a se d p arto f-s p e e c h ta g g e r, (B rill 1994), a n d C o o k e 's se m a n tic ta g g e r, S e m a n T a g , (C o o k e 1996). B rill's ta g g e r h a v e b e e n tra in e d in a s u b se t o f th e S U C co rp u s, E je rh e d e t al.
(1 9 9 2 ), a s w e ll as so m e o th e r n e w s p a p e r m a te ria l. F o r th e tra in in g in S w e d ish te x ts as w e ll a s a n e x te n siv e d e sc rip tio n o f th e ta g s e t see Jo h a n sso n K o k k in a k is e t al.
(1 9 9 6 ) an d K o k k in a k is (1 9 9 7 a ). T h e ta g se t co m p rises 14 c a te g o rie s , n o u n , v e rb etc., a s w e ll a s S G M L m a rk u p as a c a te g o ry o f its o w n , 162 ta g s are u se d in to ta l. T h e id e a o f u sin g S e m a n T a g is m a in ly th ree fo ld . T h e S e m a n T a g is 9 to 10 tim e s fa s te r th a n B rill's, th e re is a p o s s ib ility o f e x te n d in g th e ta g g e r w ith s e m a n tic in fo rm a tio n an d it u se s e x a c tly th e sam e re so u rc e s a s th e B rill's ta g g e r, so n o re -tra in in g is n e c e ss a ry .
Processing and Performance
T h e ta g g e rs re q u ire fo u r re s o u re e file s in o rd e r to o p erate: a le x ic o n , a le x ic a l a n d a c o n tex tu al ru le lis t a n d T u n in g fla g s c a n b e a lso u sed . T h e c u rre n t le x ic o n is c o m p rise d o f 5 1 0 0 0 e n trie s, a n d 750 ru les.
M u lti-w o rd e x p re ssio n s, su c h a s "på g ru n d av" a re p a rt o f th e le x ic o n . T h e o rig in a l lex ical ru le file g e n e ra te d w a s m a n u a lly su p p le m e n te d w ith ru le s id e n tify in g s o m e c o m m o n u n am b ig u o u s e n d in g s, n o t g e n e ra te d d u rin g tra in in g , fo r in sta n c e " o m a s h a s s u f s ncupgd" . T h e o rig in al c o n te x tu a l ru le file w a s also b e e n m a n u a lly s u p p le m e n te d w ith ru le s , fo r in sta n c e w ith ru le s d is tin g u is h in g p a rtic ip le s fro m o th e r v e rb fo rm s, "vmnoa a p o n (s p ) oo p r e v io r 2wd b i i v i t " . B y th e a d d itio n o f th e se ru le s th e p e rfo rm a n c e h a s b e e n n o w im p ro v e d c o n s id e ra b ly , a fte r e v a lu a tin g la rg e S w e d is h c o rp o ra a n d a d d in g m a n u a lly ru le s th a t re s o lv e th a t s o rt o f erro rs. T h e o rig in al p e rfo rm a n c e o f 92%~95% c o rre c tn e ss is u p to 9 6 -9 9 % .
T h e ta g g e rs e x p e c t a p la in te x t file a s in p u t, fo rm a tte d w ith o n e s e n te n c e p e r lin e. E x a m p le : T h e le x ic o n u se d b y th e ta g g e rs is s lig h tly b ia se d to w a rd s th e d ru g e n fo rc e m e n t d o m a in , b e c a u se th e ir re s o u rc e file s h a v e b e e n e x te n siv e ly te s te d o n d ru g re la te d te x ts . T h e ta g g e r c a n b e u se d in o th e r d o m a in s w ith th e sam e le x ic o n a n d ru le s e ts, w ith o u t serio u s p e rfo rm a n c e d ra w b a c k s.
" En 2 3 -å r i g p o ls k m edborgare h ä k ta d e s i g å r i T r e lle b o r g m i s s t ä n k t f ö r g r o v t n a r k o t i k a b r o t t T h e d e fa u lt o u tp u t is a v e rs io n o f th e in p u t file w ith a p a rt-o f-s p e e c h ta g a p p e n d e d to
Annotated and Unannotated Morphological Analysis
Overview
T h e m o rp h o lo g ic a l a n a ly sis is p ro d u c in g th e ste m o r ro o t fo rm fo r e a c h to k e n it is g iv e n , p lu s an affix . T h is m o d u le c a n b e u se d e ith e r w ith p a rt-o f-s p e e c h a n n o ta te d te x ts o r j u s t p la in te x ts a n d o n ly p ro c e s s in g o f n o u n a n d v e rb to k e n s is c o n sid e re d . T h e m o rp h o lo g ic a l an a ly sis is im p le m e n te d v ia a s e t o f re g u la r e x p re ssio n p a tte rn s w h ic h are tra n s la te d to C + + u sin g flex.
T h e se p a tte rn s c o v e r o v e r 9 0 % o f all th e p o s s ib le p a tte rn s for S w e d is h n o u n s a n d v erb s, an d o rig in a te fro m th e a n a ly sis a n d th e m o rp h o lo g ic a l g ro u p in g o f th e 1 1th e d itio n o f th e S w e d ish
A c a d e m y w o rd lis t (S A O L ), see K o k k in a k is e t al.
( 1 9 9 7 ). In th is a n a ly sis 2 0 8 m o rp h o lo g ic a l c la sse s o f v e rb s a n d 2 4 4 classes o f n o u n s h a v e b e e n d istin g u ish e d , v e ry u n u s u a l o r eld erly p a tte rn s h a v e b e e n o m itte d fo r th is ta sk , th o u g h .
Performance
T h e in p u t o f th is m o d u le is p la in te x t o n s ta n d a rd in p u t w ith each to k e n o p tio n a lly a n n o ta te d b y V E R B o r N O U N to re s tric t the search tim e. T h e p e rfo rm a n c e o f th e m o d u le in th e an n o tated m a te ria l is o v e r 9 8 % a cc u racy , w h ile fo r u n a n n o ta te d te x ts is c o n sid e ra b ly lo w e r a n d it ra n g e s fro m 7 0 -9 5 % . T h is d e p e n d s to a g re a t e x te n d o n th e a m b ig u ity b e tw e e n id e n tic a l v erb al a n d n o u n su ffix e s, " a r / e r " , aS w ell as h o m o g ra p h y , " h a m n a r/h ä n d e r" . E x a m p le ; " . . . f ö r a r e n h a r g r i p i t s . . .
. . . f ö r a r e + n h a + r g r i p a + i t s . .
Name Entity Recognition, Gazetteer Lookup
T h e G a z e tte e r lo o k u p m o d u le is try in g to id e n tify k e y w o rd s a n d p h ra se s re la te d to n a m e d e n titie s, fin ite -sta te re c o g n is e rs u s in g flex. T h e o u tp u t o f th is p ro c e ss is a ta g a n d a ty p e a ttrib u te fo r e v e ry re c o g n iz e d n a m e d e n tity p attern . M o st o f th e g a z e tte e rs are d o m a in in d e p e n d e n t. C o n sid e r fo r in s ta n c e a sm a ll s u b s e t o f th e c o n te n t o f th e title g a z e tte e r fo r th e S w e d ish p o lic e e n fo rc e m e n t a g e n c ie s:
R i k s p o l i s c h e f s t ä l l f ö r e t r ä d a n d e R i k s p o lis c h e f B itr ä d a n d e ( R ik s p o lis c h e f ] L ä n s p o lis m ä s ta re )
L ä n s p o lis m ä s ta re (b y rå c h e f I R e k to r) p å PHS k r im in a l( k o m m is s a r ie |i n s p e k tö r ) p o lis ( k o m m is s a r i e I in s p e k tö r ] a s s i s t e n t ] a s p i r a n t j c h e f s a s p i r a n t )\ s e k r e t e r a r e ] m ä s t a r e ]ö v e r i n t e n d e n t ]in te n d e n t)
T h e p e rfo rm a n c e o f th is m o d u le is o v e r 9 7 % c o rre c t id e n tific a tio n , w h ile A V E N T IN U S req u ire s th a t th e q u a lity re c o g n itio n is > 8 0 % in re c a ll a n d p re c isio n .
Parsing
Overview
T w o se p a ra te g ra m m a rs a re u s e d fo r th e p a rsin g ta sk . F irs t a n a m e d e n tity g ra m m a r is ap p lied to c o n stru c t p ro p e r n o u n p h ra se s, th e n a fu ll se n ten c e g ra m m a r is a p p lie d . T h e p a rs e r is a b o tto m -u p c h a rt p a rs e r w h ic h b u ild s a s e m a n tic re p re se n ta tio n c o m p o sitio n a lly , a n d a b e s t p a rse a lg o rith m is a p p lie d to e ac h fin a l c h a rt, p ro v id in g a p a rtia l p a rse i f n o c o m p le te se n te n c e sp an can b e c o n stru c te d . T h e p a rse r is w ritte n in P ro lo g . T h e re are a b o u t 50 ru le s fo r th e n a m e d e n tities w ith te rm in a ls lik e titie _ N P , person_N P, a n d 110 fo r th e se n te n c e g ra m m a r. T h e sen ten ce le v el g ra m m a r h a s been" d e riv e d b y firs t a c q u irin g a su rface le v e l p a rtia l g ra m m a r w h ic h h as b e e n m a n u a lly c o m p le te d b y in s p e c tin g th e re su lts o f a p p ly in g it o n th e d ru g e n fo rc e m e n t co rp u s,
T h e fo rm a l ch art/5 te rm in th e g ra m m a r is d efin e d as fo llo w s: C o n sid e r fo r in sta n c e th e s y n ta c tic e n c o d in g a n d re p re s e n ta tio n o f th e se n te n c e : 
QLF
T h e b e s t p a rs e se le c te d d u rin g p a rs in g is re tu rn e d in a p re d ic a te -a rg u m e n t re p re se n ta tio n o r q u a si-lo g ic a l fo rm , Q L F , fo r e a c h se n te n c e p ro cessed . T h e Q L F p ro d u c e d m a rk s th e p o in t w h e re a c o m m o n re p re s e n ta tio n b e g in s to e m e rg e b e tw e e n th e d iffe re n t A V E N T IN U S la n g u ag es, G a iz a u sk a s e t al.
(1 9 9 7 ). T h e Q L F is j u s t c o n ju n c tio n s o f first o rd e r lo g ic a l te rm s. S o m e o f th e Q L F p re d ic a te s a re th e u n a ry c i t y a n d o r g a n i z a t i o n , th e b in a ry a n d la n g u a g e in d e p e n d e n t tim e a n d name, a n d th e re la tio n a l b in a ry l o g i c a l s u b j e c t a n d l o g i c a l o b j e c t , A z z a m e t al.
(1 9 9 7 ).
A ll N P 's a n d V P 's le a d to th e in tro d u c tio n o f a u n iq u e in sta n c e c o n sta n t in th e se m a n tic s w h ic h s e rv e s a s a n id e n tifie r fo r th e o b je c t o r e v e n t re fe rre d to in th e tex t. C o n s id e r fo r in sta n c e th e s e m a n tic /Q L F re p re s e n ta tio n o f th e sentence:
" s i l k s k u l l e v i l j a a n v ä n d a l ä t t a r e d r o g e r . " na me 0 4 person e5 semantics 0 37 [name( e 5 SI L K * ), ne _ t a g ( e 5 ,o f fs e t s (0,4)), person(eS), re al is at io n( e5,o f f s e t s (0,4)), a n vä nd a( e4), m o da l( e4,skulle ,v il ja ), t i m e (e4,present), a s p e c t (e4,si m p l e ) , v o i c e (e4,ac ti ve ), lobj(e4,eS), drog(eS), n u m b e r (e6,p l u r a l ), h e a d (e6,droger), adj(e6,lätt), re alisation(e6,offsets(29,37)), re al is at io n( e4,o f f s e t s (5,37)), I s u b j ( e 4 ,e 5 )]
Coreference Resolution
T h e c o re fe re n c e re so lu tio n m o d u le is n o t try in g to re c o g n iz e n e w p ro p e r n a m e s b u t a d d s id e n tity re la tio n s b e tw e e n th o se fo u n d b y th e p a rse r. S o m e o f th e ru les are: i) i f o n e o f th e to k e n s o f o n e n a m e m a tc h a n a m e in a text, th e n th e y a re id e n tic a l: " B a rc la y s B a n k /b an k en , N a ttk iu b b e n
• S p o r t s ' /k lu b b / k lu b b e n " ; ii) A lia se s are c o n s id e re d eq u al: " ove L e n n a rt A n d ersso n a l i a s 'A rm ar och B e n '" .
Discourse Interpretation
T h e D IS C O U R S E IN T E R P R E T E R , (D I)
, m o d u le tra n sla te s th e Q L F re p re s e n ta tio n p ro d u c e d by th e p a rs e r in to a se m a n tic n et re p re se n ta tio n o f in sta n c e s, th e ir A V E N T IN U S sp e c ific o n to lo g ic a l c la sse s a n d th e ir a ttrib u te s. T h e A V E N T IN U S d o m a in m o d e l is u sin g , a t th e m o m e n t, th e X I k n o w le d g e re p re se n ta tio n la n g u ag e, G a iz a u sk a s e t al. 1996a. T h e X I is w ritte n in P ro lo g . T he p rin c ip a l ta sk fo r th e d isc o u rse p ro c e ss in g m o d u le is to in te g ra te th e se m a n tic re p re se n ta tio n s o f m u ltip le s e n te n c e s in to a sin g le m o d e l o f th e te x t fro m w h ic h th e in fo rm a tio n re q u ire d fo r fillin g a te m p la te m a y b e d eriv ed .
T h is is th e o n ly m o d u le n o t b e e n im p le m e n te d y e t fo r S w e d ish in a n y fo rm , i.e. p ro to ty p ic a l o r fu lly o p e ra tio n a l. T h is d e p e n d s o n th e fa c t th a t th e A V E N T IN U S d o m a in m o d e l o r o n to lo g y is, a t th is m o m e n t (N o v e m b e r 1997), o n th e la s t p h a s e s o f its in te g ra tio n in to G A T E .
Template Generation
T h e n e x t ste p o f th e m o n o lin g u a l IE ta s k is to se a rc h th e d isc o u rse m o d e l fo r a ll th e in sta n c e s o f o b je c ts a n d th e ir (in h e rite d ) a ttrib u te s, w h ic h a re fo rm a tte d a c c o rd in g th e A V E N T IN U S u se r s p e c ific a tio n s, e.g . In te rp o l fo rm s. T h is p h a s e is n o t im p le m e n te d y et, sin c e it is d e p e n d e n t o n th e D I. T h e a c c u ra c y re q u ire d fo r th e te m p la te e le m e n t p ro d u c tio n in f-m e a su re , i.e. m in im u m p re c isio n a n d re c a ll is 65% .
Conclusion and Further Development
T h is p a p e r h a s d e sc rib e d th e o n g o in g w o rk fo r b u ild in g a n in fo rm a tio n e x tra c tio n sy ste m fo r S w e d ish , w ith in th e fra m e w o rk o f th e L E p ro je c t A V E N T IN U S . S w e d is h lin g w a re c o m p o n e n ts h a v e b e e n p re s e n te d a n d d isc u sse d . T h e d e a d lin e fo r a c c o m p lish in g th e ta s k is th e su m m e r '98, a n d th e re is still a lo t o f w o rk n e e d e d in o rd e r to m e e t th e A V E N T IN U S g o a ls s ta te d in th e sp e c ific a tio n s . N e v e rth e le s s, th e re is a stro n g b e lie f th a t th e tim e fra m e w o rk a llo w s u s fo r a su c c e s sfu l a c c o m p lis h m e n t o f th e ta sk . B y m id -su m m e r '98 th e s y ste m w ill b e o p e ra tio n a l into Unix a n d N T e n v iro n m e n ts.
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